In developing countries, beach seining is an important source of income and employment, and it supports livelihoods in numerous coastal communities. Over the last 2 decades, however, fishing with beach seines has become controversial; among other concerns, critics of beach seines have highlighted the negative environmental impact on vulnerable aquatic habitats, such as nursery and breeding grounds, and the negative impacts on fish stocks through the catching of juveniles. Many countries have introduced regulations, and a few countries have completely banned fishing with beach seines (Tietze et al., 2011) .
There have been many studies of the use of seine nets in the Aegean Sea (Hoşsucu et al., 1990; Metin, 1990; Akyol and Özekinci, 2000; Tosunoğlu, 2003; Ertosluk, 2006; Erten, 2009) and limited studies in the Sea of Marmara (Zengin et al., 2004) , but there were no data available for the İstanbul Strait. Such data are necessary to improve the understanding of fishery scientists and managers of all components of the catches and to inform management. The boat seine catch composition in the Bosphorus, including seasonal differences, the discard rate, and the catch per unit effort (CPUE), were determined in this study.
Materials and methods

Study area
The İstanbul Strait is a rich traditional fishing ground, as it is a migratory passage for many pelagic fishes (Ozturk et al., 2002) . It is located between the continents of Europe and Asia, and it connects the Black Sea to the Sea of Marmara (Figure 1 ). It is one of the narrowest channels in the world with a width ranging between 0.7 and 3.5 km along its 31-km length, and it has an average depth of 35 m. As in the Sea of Marmara, the Çanakkale Strait and the İstanbul Strait have a 2-layered character in terms of their features. The upper layer consists of sea water with less salinity that flows from the Black Sea towards the Sea of Marmara, while the lower layer has more saline waters from the Mediterranean Sea that are carried towards the Black Sea (Yüce, 1990) . seine net vessels between the İstanbul Prince Islands and Yalova Province that operate at a depth of 50 to 250 m (Yıldız and Karakulak, 2016) .
Sampling data
A boat seine net specialized for catching bony fishes that live or travel near beaches with a total length of approximately 143 m was used in the experiments. The mesh size and twine diameter of the net decreased from the wings (50 mm and 18 no) to the bag net (26 mm and 9 no). In total, 180 m and 18 mm hauling ropes were attached to both ends of the wings of the seine. The wings following the towing ropes were 130 m in length and 8.2 m in height, and consisted of 3 parts. The meshes of the bag net were diamond-shaped. The cod-end, with 768 meshes on its circumference, was constructed from black, singletwisted polyamide twine (Rtex 390).
A total of 20 boat seining operations were performed. Two operations were performed in December, 3 in January, 6 in February, and 9 in March. All operations were performed during morning hours. Operations were carried out in approximately 1 h depending on the condition of the deep currents, the towing speed, and the amount of yield caught in the bag net. At the end of each tow, total number and weight of the landing and discard species caught in the bag net were recorded after the fisherman separated the species. The number of species was counted for each haul. The total lengths (cm) and body weights ( (Phiri and Shirakihara, 1999) . The occurrence frequency of species is computed as the ratio percentage of the sampling number for the coincidental species ratio to the total sampling number (Kocataş, 1992) : S = (N a /N n ) × 100; N a = Sampling number for a coincidental species; N n = Total sampling number. After data transformation (square root), the factor for catch and discard biomass was analyzed with the one-way ANOVA statistical test. Spearman's rank correlation test was used to determine whether there was a correlation between total catch and discard catch. This analysis was carried out using SPSS version 21, and a 0.05 significance level was considered (Levesque, 2007) .
The PRIMER 6 software package was used for similarity analysis of the total and discard species composition and the amount obtained by the hauls (Clarke and Warwick, 2001) . Logarithmic transformation [log(x + 1)] linked with group average was used for clustering the hauls. Multidimensional scaling (MDS) analysis was performed according to the Bray-Curtis similarity matrix (Kruskal and Wish, 1978) . Season was used as a factor in both cluster and MDS analysis in order to categorize the hauls in terms of amount and species composition of total catch and discards. The analysis of similarities (ANOSIM) test was performed on the hierarchical agglomerative clustering formed by the similarity matrix. Values close to 1 indicate very different composition, while values near 0 show little difference (Clarke and Warwick, 2001 ). The similarity percentages (SIMPER) test was performed to determine the level of similarity and dissimilarity according to fishing sampling season.
Results
A total of 53,227 individuals belonging to 3 taxonomic groups (i.e. 26 bony fishes, 2 crustaceans, and 1 mollusk) were obtained from 20 boat seine operations in the İstanbul Strait. In addition to striped red mullet, M. surmuletus, which is a target species, 28 different species belonging to 3 taxonomic groups were caught. Among the nontarget catch, 13 species were commercial, 14 were discards, and 1 species (Syngnathus acus) was under protection. These species are listed in Table 1 .
Bony fishes made up the highest percentage of the total catch, 99.26%, which was based on the number and composition of the individuals in the catch. Crustaceans and mollusks followed at 0.72% and 0.02%, respectively, but these values were different from the weighted percentages. The weighted boat seine data indicated that the total catch was composed of 99.15% bony fish, 0.78% crustaceans, and 0.07% mollusks. Four fish species were always retained, while 22 fish species, 2 crustaceans, and 1 mollusk species were always discarded. The proportion of the target species was 75.1% of the individuals in the total catch and 63.8% of the weight. The proportion of the nontarget species was 24.9% of the individuals in the total catch and 36.2% by weight. The discard proportion was 11.8% of the weight of the total catch. 3.1. CPUE The highest CPUE value was 100.8 kg/h per haul in December based on the total catch; it was 32.1 kg/h per haul in January, 60.6 kg/h per haul in February, and 20.9 kg/h per haul in March. The mean CPUE for the total catch was 42.5 kg per haul (±35.6).
The CPUE of M. surmuletus, as a target species, was 46.2 kg/h per haul and 1764.5 individuals/h per haul in December, 21.3 kg/h per haul and 1728 individuals/h per haul in January, 43.7 kg/h per haul and 3985 individuals/h per haul in February, and 10.3 kg/h per haul and 1147.7 individuals/h per haul in March. The mean CPUE for M. surmuletus was 25.6 kg per haul (±17.4).
The CPUE of the discarded species was 54.6 kg/h per haul in December, 10.8 kg/h per haul in January, 16.9 kg/h per haul in February, and 5.3 kg/h per haul in March. The mean CPUE for the discarded species was 14.5 kg per haul (±12.8).
Seasonal dissimilarity
According to cluster and MDS analyses, the total catch and the discarded catch of the winter and spring seasons were separated in terms of biomass and abundance ( Figures  2-5) . Additionally, the multivariate analysis (ANOSIM) based on the biomass and abundance of individuals indicated significant differences among seasons when comparing the retained catch with the discarded catch (Global R for the biomass of the total catch was 0.581 and 0.568 for abundance; Global R for the biomass of the discard was 0.448 and 0.451 for abundance).
The SIMPER analysis showed that the species that contributed most to the differences between the 2 seasons in terms of the total catch were Merlangius merlangus (11.36%), Eutrigla gurnardus (8.12%), M. surmuletus (7.88%), Trachurus trachurus (7.38%), Scorpaena notata (6.89%), Spicara maena (6.49%), and Scorpaena porcus (6.22%). The species that contributed most to the differences between the 2 seasons in terms of the discarded catch were Eutrigla gurnardus (10.44%), Eriphia verrucosa (9.95%), Scorpaena notata (9.03%), Chelidonichthys lucerna (9.03%), Spicara maena (8.67%), and Pegusa nasuta (8.67%) ( Table 2) .
According to the ANOVA, the total catch (P = 0.027), discarded catch (P = 0.016), and target catch (P = 0.042) were statically significantly different by season, but the difference in the retained catch was not significant (P = 0.070). Furthermore, there was a significant correlation between the total catch and the discarded catch based on Spearman's rank correlation test (r = 0.759); the discarded catch increased as the size of the total catch increased (P = 0.000).
Discard ratio
The total catch included 53,227 individuals with a total weight of 802,552.1 g. The total weight of the retained catch was 707,464.73 g, and the proportion of the retained catch relative to the total catch was 88.15%. The discarded catch weight was 95,087.37 g and the proportion of the discarded catch weight relative to the total catch weight was 11.85%, but if the fisherman had not retained the individuals under minimum landing size of M. surmuletus, Trachurus trachurus, Merlangius merlangus, and C. lucerna, the real discard ratio would be 48.7%. Of the 29 species that were caught, 4 of them-M. surmuletus, M. merlangus, Pomatomus saltatrix, and T. trachurus-were retained, while the others were discarded (Table 3) .
The mean weight of the target catch was 38,051.57 g and the mean weight of the discarded catch was 7944.85 g. In winter, the mean weight of the total catch was 60,155.83 g; the mean weight of the target catch was 10,377.66 g and that of the discarded catch was 854.88 g. In spring, the mean weight of the total catch was 15,648.64 g; the mean weight of the target catch was 48,429.23 g and that of the discarded catch was 8799.73 g. The overall mean weight of the total catch was 75,804.47 g ( Table 4 ).
The frequencies and length ranges of the 9 most frequently caught fish species are presented in Figure 6 . The lengths of M. surmuletus, T. trachurus, and S. porcus were 6-17 cm, 6-19 cm, and 5-22 cm, respectively; the most frequent lengths were 9 cm, 10 cm, and 13 cm ( Figure 6 ). The minimum landing sizes for M. surmuletus, T. trachurus, M. merlangus, and C. lucerna were 11 cm, 13 cm, 13 cm, and 18 cm, respectively, although there were no minimum landing sizes for the other species. Of the species regulated by minimum landing sizes, 70.77% of M. surmuletus, 73.57% of T. trachurus, 88.23% of M. merlangus, and 75.64% of C. lucerna that were caught were under the minimum landing sizes.
Discussion
The use of boat seine nets in the İstanbul Strait and the species composition of the catch, the proportions of the target and nontarget catch, CPUE, and the distribution of the lengths of some dominant species were determined to assess the sustainability of the boat seine fishery in the region. This study represents the first attempt to characterize the boat seine fishery in the İstanbul Strait.
A total of 7 vessels regularly operate in the open coastal areas of the İstanbul Strait, and their gears have similar characteristics to boat seine nets, but we were only able to study one boat seine boat during this sampling period. The other vessels have converted to set-net fishing for economic reasons.
In this study, a total of 29 species were obtained by the boat seine fishery in the İstanbul Strait, Turkey, compared to 70 species in the Aegean Sea, Turkey (Akyol, 2003) ; 60 species along the central coast of Portugal (Cabral et al., 2003) ; 45 species in the Aegean Sea, Turkey (Tosunoğlu, 2003) ; 48 species in the Sea of Marmara, Turkey (Zengin et al., 2004) ; 46 species in the eastern Ionian Sea and 62 species in the Aegean Sea, Greece (Katsanevakis et al., 2010) ; 91 species in the eastern Adriatic Sea, Croatia (Cetinić et al., 2011) ; and 46 species in Alexandria, Egypt (Akel and Philips, 2014) . The number of affected species in this study was low due to the low species diversity of the İstanbul Strait, and so the composition of the total catch was less diverse than that of other studies. In addition, there were other factors, like season (more species and more juvenile individuals will be caught during the warmer seasons), mesh size (smaller mesh size will result in a higher number of species), and technical characteristics related to specific beach/boat seine fishing techniques (duration of haul, depth, speed, horse power).
Previously reported CPUE for boat seine fishery values were 13 kg/haul (Faltas, 1997) and 8 kg/haul in the Abu Qir Bay (Egypt) (Faltas and Akel, 2003) , 24.9 kg/haul in the eastern Adriatic Sea (Croatia) (Cetinić et al., 2011) , and 37.9 kg/haul in Alexandria (Egypt) (Akel and Philips, 2014); in this study of the İstanbul Strait, the CPUE was 42.5 kg/haul. Differences in environmental factors, such as productivity, seabed characteristics, depth, and fishing pressure, affect catch composition, landings, and discards (Carbonell et al., 2003 , Sanchez et al., 2007 . Furthermore, small-scale daily variations in some environmental factors, such as temperature, waves, and wind direction and intensity, could also significantly impact catches (Lefkaditou et al., 1998) . The fisherman's skills and experience could also impact catches.
The discard proportion of the beach seine fishery catch in Botany Bay (Australia) was 38% (Gray et al., 2001) ; it was 21% in the Aegean Sea (Turkey) (Akyol, 2003) ; 25.01% in the Sea of Marmara, Turkey (Zengin et al., 2004) ; 60% in the Urla region, Turkey (Ertosluk, 2006) ; 10% in the Aegean and Ionian seas, Greece (Petrakis et al., 2009) ; 28.5% in the eastern Adriatic, Croatia (Cetinić et al., 2011); 19 .3% in the Mediterranean Sea, Greece (Tsagarakis et al., 2013) ; and 11.85% in this study. The discard ratio in this study was low due to the low fish diversity and not discarding individuals of the target species under minimum landing size in the İstanbul Strait. The most abundant species was M. surmuletus, which was the target species. All of the M. surmuletus individuals were retained regardless of size, because the smaller striped red mullet are most in demand in the region. Generally, compliance with minimum legal length (MLL) accounts for most discarding practices, but obviously for those species with no MLL (but also for other species), discarding is generally market-driven and size-based. Most of the species were discarded because they were small or in small quantities, although some were commercial species such as A. boyeri, C. lucerna, E. encrasicolus, L. aurata, L. vulgaris, P. nasuta, S. maderensis, S. maena, and S. sprattus . In contrast, M. surmuletus individuals were retained regardless of size. Discards could be reduced by technical measures, regulations, and by improving working conditions on board fishing vessels.
In Turkey, boat seines are used for demersal fishes in the Aegean Sea, especially in İzmir, the Black Sea (especially in Trabzon and Samsun) (Ciloğlu, 2005) , and the İstanbul Strait (Deveciyan, 1926; Ozturk et al., 2002) , as well as for rose shrimp in the Sea of Marmara. Beach/boat seines damage coastal zones, especially the Posidonia meadows, which provide protection for breeding and where juvenile fishes feed. Beach seining has a high discard ratio and catches have a large proportion of juvenile fish, which is harmful for the coastal ecosystem in the Aegean Sea (Akyol and Özekinci, 2000) . Coastal zones are the nursery areas for many species; because the beach seine fishery targets coastal fish species, fishing activity in these areas is mainly directed at juveniles in their nursery grounds (Murta and Borges, 1994; Hyndes et al., 1999) .
The effects of coastal seine nets on the population of young fish in the littoral zone in the Aegean Sea were studied by Hoşsucu et al. (1997) ; the authors concluded that this fishing gear should be prohibited due to the high percentage of juvenile fishes in the total catch. Currently, beach/boat seining is banned in the EU, as is any fishing activity that uses other towed nets, dredges, or purseseines over seagrass beds (EC regulation no 1967 (EC regulation no /2006 . Akyol (2003) analyzed discards from beach seining in the Turkish Aegean Sea; based on the relatively high proportion of discards (21%) and juvenile catches, he supported the prohibition of this fishery in most regions of Turkey. A ban has been in place since 2001.
In April 2001, this fishing gear was banned in the Aegean Sea due to the high percentage of juvenile fishes in the catch. Because of the fisherman lobby, the ban was not implemented in Edremit Bay in the northern Aegean Sea until 2009. It is thought that the stocks of some species, especially those belonging to the family Sparidae such as Guncuoğlu, 2012). All types of seine nets were banned in all Turkish territorial waters in 2012 due to their low bag-net selectivity and the destruction of littoral ecosystem, with the exception of the rose shrimp boat-seine net fisheries in designated areas of the Sea of Marmara (BSGM, 2012) .
The boat seine has been banned from EU waters since 2001 (EU regulation 1626/1994), but the implementation of the ban on boat seines in Greece was delayed until 2010, with some fishing organizations pressing for an exemption from this regulation beyond 2010, because they claim that the gear is much less destructive than widely believed. A study on the outcome of the boat seine closure on fish stocks proposed that this gear should not be banned but that its management and the relevant regulations should be substantially changed (Petrakis et al., 2001) .
Beach/boat seine fishery was banned in the İstanbul Strait in 2012; according to this regulation, beach/boat seine fishery is prohibited in all Turkish territorial waters, except for deep-sea rose shrimp fishery in a specific region of the Sea of Marmara. Mesh-size restrictions are often used to regulate the sizes of the fish caught in net-based fisheries, and increasing the minimum mesh size in the aft-end bag of beach seine nets can reduce the capture and subsequent discarding of fish of some species of certain sizes (Gray et al., 2000; Gray and Kennelly, 2003) . Smallscale fishermen have been wronged by the boat seine fishery ban in the İstanbul Strait; this prohibition should be revised after mesh-size selectivity studies. Fishes with greater body height, such as those of the family Sparidae, are not the target species of the boat seine fishery in the Sea of Marmara, but to avoid catching the small striped red mullet, which is the target species, studies of meshsize selectivity must be implemented. Closed areas and beach seine exclusion have the potential to increase catch rates, but the first often reduces the total fishing area and possibly leads to a loss of total catch, at least on a time scale of under 10 years. However, the exclusion of beach seines can lead to an increase in other gear types that can also cause reductions in the catch (McClanahan and Mangi, 2001 ); thus, we really need to take a precautionary approach. Simple modifications to the operations of beach seines and postcapture handling procedures, such as close regulation of size selectivity for the target species, careful removal of fish from meshes, and abstention from setting nets during periods of high abundance of jellyfish, will maximize the survival of discarded bycatch (Broadhurst et al., 2008) . The current aft-end bag mesh size does not allow for sustainable fishery practices in the İstanbul Strait.
The present study represents the first attempt to identify issues with the boat seine fisheries in the İstanbul Strait. The current findings will contribute to a better understanding of the boat seine operation in the Sea of Marmara, and will be useful for developing the necessary scientific guidance for the management of boat seine fisheries.
